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TilapiaIn recent years there has been an increasing interest in the cognitive abilities of ﬁsh with implications for
animal welfare and management of rearing operations. Although it is known that psychological factors can
modulate the stress response in mammals, this aspect has seldom been investigated within stress in ﬁsh. In
this study we investigate whether the perception (appraisal) that ﬁsh make of signiﬁcant environmental
events modiﬁes their behavioural and physiological response. For this purpose we have used a predictable vs.
unpredictable paradigm for positive (feeding) and negative (conﬁnement) events using the cichlid ﬁsh
Oreochromis mossambicus as a model species.
Results show that there is a differential effect of predictability for the feeding and conﬁnement events. In the
conﬁnement experiment, predictability involved more attention to the visual cue and lower cortisol. The
feeding event triggered higher levels of anticipatory behaviour and a tendency for higher cortisol in the
predictable group. Therefore, predictable negative events reduce the cortisol response. Predictable positive
events may elicit an anticipatory response, and when there is a signiﬁcant delay between the visual cue and
the actual occurrence of the event, it may also contain elements that can be interpreted as a stress response.
These ﬁndings demonstrate that ﬁsh can appraise relevant aspects of the environment, with welfare
implications for housing, husbandry and experimental procedures.+351 218860954.
o).
l rights reserved.© 2010 Elsevier Inc. All rights reserved.1. Introduction
The relevance of psychological factors in the modulation of the
stress response became clear in the second half of last century [1]. The
same sensory input may produce a completely different output,
depending on the way the stressor is appraised by different
individuals or by the same individual in different contexts. The
appraisal process involves two stages in which cognitive and
emotional areas of the brain are involved. The ﬁrst stage (primary
appraisal) involves the perception of the event and evaluation of its
properties on the basis of previous memory and learned facts. The
second stage (secondary appraisal) involves the assessment of the
available coping mechanisms [2,3]. In humans, the appraisal mech-
anism involves the frontal areas of the cortex, where the cognitive
evaluation takes place, and areas of the limbic system (hippocampus
and amygdala), where the emotional valence is deﬁned [4]. While the
appraisal concept has already been applied to the study of emotions in
mammals [5], in ﬁsh the whole concept of psychological stress has
been rarely addressed.
The physiological and behavioural stress response in ﬁsh is well
known and it is very similar to that of other vertebrates [6]. However,
very little is known on the effect of psychological components onstress and there is even a current debate on whether ﬁsh possess
certain mental abilities, in particular whether ﬁsh possess the
emotional component of pain [7,8]. Despite this, recent studies of
pain and fear suggest that teleosts may feel the unpleasant sensory
and emotional experience in a similar way as other vertebrates [9,10].
Fish receive and process sensory inputs in the forebrain, have
homologous areas to the tetrapods' limbic structures and similar
neurotransmitter systems [11–13]. Furthermore, the recent ﬁnding of
corticosteroid receptors in the forebrain of carp [14], strongly suggest
that the regulation of the stress response starts above the level of
hypothalamus, which is in line with recent studies showing how
learning and memory of ﬁsh can be disrupted by high cortisol levels
during stressful contexts [e.g. 15]. A number of studies also show
evidence of far more complex ﬁsh behavioural and cognitive
capacities than previously described [12,16]. Therefore, despite
missing knowledge on exact mechanisms, ﬁsh are likely to have the
necessary central mechanisms for the psychological assessment
of environmental stimuli related to stress (appraisal) [for a review,
see 17].
Predictability of events (i.e. the perceived occurrence of a stimulus
[3]), is one of the most discussed psychological modulators of the
stress response [18,19], and therefore we use it here to test for the
occurrence of appraisal in ﬁsh. One of the earliest studies on the
effects of predictability was undertaken by Weiss [20] in rats with
electric shocks. He found that the same intensity and duration shocks,
when delivered in a predictable way, produced less physiological
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effects of predictability of aversive and attractive events have been
developed. Basset and Buchanan-Smith [21] have reviewed these
studies and their effects on the well being of animals. Predictability of
aversive events is more associated to lower stress responses than
unpredictability [22,23] despite some inconsistent results attributed
to different study lengths and to the inappropriate comparison of
different stress measurements [21]. In fact, unpredictability, even for
biologically non-relevant events, is enough to stimulate the amygdala,
a limbic structure responsible for contextual emotional learning [24].
Concerning positive events, which are usually food-related, the
relationship of predictability with stress signals is less clear. A number
of studies, especially based on behavioural parameters, indicate that
predictable feeding regimes are less stressful for the animals [25–28].
However, other studies point out in a different direction: predictable
schedules induce high levels of anticipatory behaviours, characterised
by increased general activity, with eventual stereotypic behaviour
[29–31]. Sánchez and colleagues [32] have studied the effects of a
random and scheduled feeding regime on sea bream levels of cortisol
and concluded that the latter regime stimulated anticipatory
behaviour and higher cortisol levels in this species. Loss of
predictability (predictable followed by unpredictable regimes) is
clearly reported as a source of stressful behavioural and physiological
responses [21,25,27,30]. Furthermore, the relieving effect of predict-
ability depends on a number of aspects related to the stressor's
properties (nature, intensity and frequency) as well as on the
reliability of the signalling system [19,21].
In this study we investigate how males of a cichlid ﬁsh, the
Mozambique tilapia (Oreochromis mossambicus), cope with the
presentation of signalled predictable and unpredictable events that
differ in their valence: 1) negative event — conﬁnement stress
(conﬁnement experiment); 2) positive event — feeding episode
(feeding experiment). The working hypothesis is that predictability
will produce differential behavioural and physiological stress
responses according to the valence of the stimulus.
2. Methods
2.1. Animals and housing
72 O. mossambicus males were used in this study (conﬁnement
experiment, n=29; feeding experiment, n=24; isolation control,
n=19; average weight, 99.5±3.8 g). Females were not used in order
to decrease potential variability in the sample. The ﬁsh belong to a
stock held at ISPA and were maintained in glass aquaria
(120×40×50 cm, 240 l) with a ﬁne gravel substrate, in stable social
groups of 3–5 males and 5–6 females. The temperature was held at
26 °C±2 °C, with a 12L:12D photoperiod. Tanks were equipped with
a double ﬁltering system (sand and external bioﬁlter, Eheim) and
constant aeration. Water quality was analysed weekly for nitrites
(0.2–0.5 ppm), ammonia (b0.5 ppm) (Pallintest kit®) and pH (6.0–
6.2). Fish were fed daily ad libitum with commercial cichlid sticks
(ASTRA).
2.2. Experimental aquaria and set up
Under experimental conditions, the animals were housed individ-
ually in testing aquaria of approximately 40 l (50×25×30 cm). The
remaining conditions were the same as described for the stock tanks.
Aquaria were covered at the sides with opaque partitions in order to
avoid visual contact between animals. The conﬁnement aquaria
(21×19×35 cm) were placed next to the experimental ones, also in
visual isolation and ﬁlled with 2 l of water (enough to cover the body
height, with the dorsal ﬁn closed) and no substrate.
The experimental set up was the same for the two experiments,
with the exception of the nature of the stimuli/stressor used: aconﬁnement paradigm, as a negative event (conﬁnement experi-
ment) and feeding, as a positive event (feeding experiment). A
schematic representation of the experimental set up is presented in
Fig. 1. Both experiments involved a paired design, with predictable
and unpredictable balanced treatments. Each experiment lasted for
19 days, during which the animals were maintained isolated in the
experimental aquaria to control for variation due to different social
ranks [33,34]. A blood sampling for control plasma cortisol took place
at day 4, training occurred at days 8–9 (predictable or unpredictable
treatment) and days 17–18 (unpredictable or predictable treatment),
immediately followed by the test trials at day 10 and 19, respectively.
Since the control group in our experiments was in social isolation
and since social isolation is known to affect baseline levels of cortisol
[35–38], we assessed the effects of social isolation on cortisol levels by
sampling a group of males in three different contexts: in stable groups
in stock tanks, and after 4-days and after 10-days of social isolation.
2.3. Visual cue, valence events, training and trial procedures
Predictability was signalled in both experiments by means of a
visual cue consisting of a yellow and black stripped card (20×20 cm).
The card was placed on the outside of the aquarium lateral wall,
remained in view of the ﬁsh for 5 min before the occurrence of the
signalled event: conﬁnement (conﬁnement experiment) or food
(feeding experiment). The unpredictable treatment involved the
presentation of the same sign dissociated from the subsequent event,
that is, at least 30 min before or after the session in a random way.
The negative valence event (conﬁnement) consisted quickly cap-
turing (preventing chasing) the animal from the experimental
aquariumwith a hand net and placing it in the conﬁnement aquarium,
described above, for 30 min. This paradigm, with variable methodol-
ogies, has been generally adopted as a stress test in ﬁsh [e.g. 39].
Behavioural sampling was undertaken during the ﬁrst 10 min and
blood sampling for plasma cortisol measurement at the end of the
conﬁnement period.
The positive valence event (feeding) consisted of the delivery of
two pellets of the usually used commercial food for cichlids per
session (four training sessions per day covered the individual daily
portion). These pellets ﬂuctuate for some time before swelling and
sinking. Usually, ﬁsh take them from the surface. The pellets were
delivered in the front part of the aquarium using the opposite corner
at which the signal for predictable treatments was given.
Each experiment involved eight training sessions, developed
during 2 days, at 10.00, 12.00, 14.00 and 16.00 h. A study developed
in our laboratory has shown that males of this species can be
conditioned within six to eight training sessions [40]. A schematic
representation of the predictable and unpredictable training is
presented in Fig. 1. The trials took place the day after the 2-day
training sessions at 10.00 h. In the conﬁnement experiment, conﬁne-
ment took place as usual immediately after the presentation of the
visual signal. During the training sessions of the feeding experiment,
ﬁsh of predictable treatment became conditioned to relate signalling
with food presentation. For this reason, and in order to avoid
anaesthesia-related complications during digestion, in the trial ﬁsh
were anaesthetised immediately after the signal presentation,
without being given food.
2.4. Behavioural and blood sampling and cortisol assay
Behaviour during signalling was recorded by means of 5 min scan
sampling, with a total of 10 sampling points per individual [41]. In the
conﬁnement experiment, only 12 out of the total 29 involved animals
were observed during the presentation of the visual cue while the
whole set of ﬁsh was sampled in the feeding experiment (n=24).
Behaviour during conﬁnement was also sampled through scan
sampling, during the ﬁrst 10 min of the test, with a total of 60
Fig. 1. Schematic representation of the experimental set up. Presentation of predictable and unpredictable treatments was balanced. Conﬁnement and feeding events were presented
in different experiments, involving 29 and 24 ﬁsh respectively.
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tank were noted as described in Table 1.
At the end of the conﬁnement experiment 1, ﬁsh were lightly
anaesthetised in the conﬁnement aquarium without additional
disturbance (Stage two anaesthesia following [42]) by adding a
solution of MS-222 (tricaine methane sulphonate, Sigma; 200 ppm)
to the water. Samples of 100–200 μl of blood were taken from the
caudal vein (1 ml syringes; 25G/16 mm needles). The ﬁsh were thenTable 1
Brief description of the behaviour patterns and use of speciﬁc areas of the aquaria
adopted for sampling.
Context Behavioural pattern Description
General Swimming (SWI) Fish moves in the water column
or in the bottom at any speed or
intensity of body movements
without major water disturbance.
Inactive (INA) Fish remains immobile, but with
some ﬁn movements, in touch
with the substrate or/and
hovering.
Position in the aquarium
during signalling
Close (CLO) Fish remains inactive or
swimming with the head within
2 cm in front of the sign.
Front (FRO) Fish remains inactive or
swimming in the front half part
of the aquarium, with the
exception of the area in front
of the sign.
Back (BAC) Fish remains inactive or
swimming in the back half
part of the aquarium.
During signalling⁎ Sign attention (SIG) Fish inspects (faces the signal
while swimming or inactive
within approximately 12 cm
in front of the signal) or
interacts (touches, bites)
with the sign.
Anticipation (ANT) Fish swims constant and rapidly
with vertical movements along
the front glass of the aquarium
interspersing this with
frequent surfacing in the area
where the food is usually placed.
During conﬁnement Escaping (ESC) Fish swims strongly provoking
water disturbance and moving
the body in a way that resembles
escape attempts.
Freezing (FRE) Fish remains inactive and without
ﬁns movement, in the substrate.
⁎ These behaviours were only sampled in the feeding experiment.placed in aerated water, recovering from the anaesthesia within 30 s
to one minute. Blood sampling was performed within a maximum of
4 min from the induction of anaesthesia, which is within the latency
for cortisol release into the systemic circulation in response to
handling stress in this species [43].
Free cortisol fraction was extracted from the plasma by adding
diethyl ether to the sample, as the steroid solvent. The samples were
then centrifuged (5 min, 1000 rpm, 4 °C) and frozen (10 min,−80 °C)
to separate the ether fraction. The steroids were isolated by
evaporating the ether. This process was repeated twice. Levels of
free cortisol fraction were then determined by radioimmunoassay,
using the commercial antibody ‘Anti-rabbit, Cortisol-3’ [ref: 20-CR50,
Interchim (Fitzgerald), Montluçon, France, cross-reactivity: cortisol
100%, Prednisolone 36%, 11-Desoxycortisol 5.7%, Corticosterone 3.3%,
Cortisoneb0.7%] and the radioactive marker [1,2,6,7-3H] Cortisol [ref:
TRK407-250mCi, Amersham Biosciences, Piscataway, NJ/USA]. Intra-
and inter-assay variability were respectively as follows: experiment 1,
3.8% and 5.9%; experiment 2 and ‘cortisol control’, 5.8% and 6.5%.
2.5. Data analysis
All analyses were conducted using the statistical package Statistica
V.8.0® (StatSoft Inc, USA, 1984–2008). For analysis of cortisol among
treatments (baseline/predictable/unpredictable) and for the ‘cortisol
control’, a one-way repeated measures ANOVA was used followed by
planned comparisons of least squares means. Comparisons between
cortisol levels in stock (social group) and in predictable and
unpredictable treatments were made by a t-test for independent
samples. Behavioural comparisons of predictable vs. unpredictable
treatments were carried out using Wilcoxon Matched Pairs Test. A
signiﬁcance value of Pb0.05 was used in all statistical tests.
2.6. Ethical note
The experiments described were conducted in accordance to
national legal standards on protection of animals used for experi-
mental purposes and are part of a project approved by the national
authorities (Ref. 30489, 29/11/2007).
3. Results
3.1. Conﬁnement experiment
During stimulus signalling, the animals spent more time close to
the visual sign in the predictable treatment than in the unpredictable
Fig. 2. Proportion of time (%) spent in different areas of the aquarium (front, back and
close to the visual cue) during signalling of (a) conﬁnement and (b) feeding. *Pb0.05
**P=0.001.
Fig. 3. Proportion of time (%) spent in different behavioural patterns during the feeding
event signalling. **Pb0.01 ***Pb0.001.
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There were no differences in the use of the front or back parts of the
aquarium between treatments (Wilcoxon matched pairs test, front
and back: Z=0.8, ns [n=12]; Fig. 2a).
During conﬁnement, no differences between treatmentswere found
in frequency of swimming (Wilcoxon matched pairs test, Z=0.9, ns
[n=29]) and inactivity (Wilcoxon matched pairs test, Z=1.4, ns
[n=29]). However, freezing behaviour tended to be more frequent in
the unpredictable treatment (Wilcoxon matched pairs test, Z=1.7,
P=0.09 [n=29]). Escaping was very rare in both treatments.
Cortisol levels of the predictable treatment were signiﬁcantly
lower than those of both the control group (measured in social
isolation) and of the unpredictable treatment (one-way repeated
measures ANOVA, F(2,54)=6.9, Pb0.01, planned comparisons of LS
means P=0.005, Table 2, Fig. 4).Table 2
Mean±standard error of cortisol values (ng/ml) in (a) conﬁnement (b) feeding
(c) cortisol control in stock and after 4 and 10 days of isolation. Letters a and b express
differences between treatments (one-way repeated measures ANOVA, planned
comparisons of least square means, Pb0.01; *P=0.09 for difference between
predictable and unpredictable treatment; **P=0.08 for difference between 4 and
10 days of isolation).
Control Predictable Unpredictable
(a) Conﬁnement 43.0±5.1a 21.8±3.2b 42.3±5.4a
n=28
(b) Feeding 45.9±3.8a 32.9±3.0b⁎ 25.6±3.5b⁎
n=24
Stock 4-days isolation 10-days isolation
(c) Control 13.3±2.7a 35.0±4.9b⁎⁎ 55.1±9.6b⁎⁎
n=193.2. Feeding experiment
During stimulus signalling, the animals spent the same amount of
time close to the visual sign in the predictable and in the
unpredictable treatment (Wilcoxon matched pairs test, Z=0.5, ns
[n=24]; Fig. 2b). Also no difference between treatments was found
for attention towards visual cue (Wilcoxon matched pairs test,
Z=1.1, ns [n=24]; Table 1, Fig. 3). However, there were differences
in the use of space: animals spent more time in the front areas of
the aquarium in the predictable treatment (Wilcoxon matched pairs
test, Z=3.3, P=0.001 [n=24]; Fig. 2b) and in the back in the
unpredictable one (Wilcoxon matched pairs test, Z=3.2, P=0.002
[n=24]; Fig. 2b). Levels of activity were also measured, with a higher
inactivity being shown during the unpredictable treatment (Wilcoxon
matched pairs test, Z=2.6, P=0.009 [n=24]; Fig. 3). During
signalling, levels of anticipatory behaviour were signiﬁcantly higher
in animals subjected to the predictable treatment (Wilcoxon matched
pairs test, Z=3.9, Pb0.001 [n=24]; Table 1, Fig. 3).
In relation to control levels (measured in isolation), cortisol levels
tended to be lower during the unpredictable treatment than during
the predictable treatment (one-way repeated measures ANOVA,
F(2,46)=12.3, Pb0.001, planned comparisons of LS means P=0.09;
Table 2 and Fig. 4).
3.3. Effects of social isolation
Males exhibited the lowest levels of cortisol when they were
housed in stable social groups (stock), and signiﬁcantly increased
when they were placed in social isolation (one-way repeated
measures ANOVA, F(2,36)=11.3, Pb0.001, planned comparisons of
LS means Pb0.001). Although, in the conﬁnement experiment cortisol
levels did not increase in response to the conﬁnement stressor, theyFig. 4. Cortisol levels in the baseline, predictable and unpredictable treatments after
(a) conﬁnement and (b) feeding events. **Pb0.01.
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−4,19, P=0,0001) and marginally non-signiﬁcant in the predictable
treatment (t-test, t(45)=−1,89, P=0,06) when compared to the
baseline levels in a social group.
4. Discussion
The current study suggests that the ﬁsh response to stressors and
positive events is modiﬁed by their appraisal of the situation (i.e.
predictable vs. unpredictable). There is a differential effect of
predictability depending on the valence of the event in relation to
the negative (conﬁnement) and positive (feeding) events. In the
conﬁnement experiment, the predictable group paid more attention
to the visual sign, expressed less freezing behaviour and a diminished
cortisol response in relation to the baseline in social isolation. On the
other hand, the signalling of food presentation triggered higher levels
of anticipatory behaviour and activity in the predictable group.
Despite the decreased cortisol levels in relation to the baseline in
social isolation in the predictable group, there was a more marked
cortisol decrease in the unpredictable group in response to food.
4.1. Predictability of a negative valence event (conﬁnement experiment)
During conﬁnement, the males subjected to the predictable
treatment tended to show less freezing behaviour and showed
lower cortisol levels. Freezing behaviour is a well known inhibitory
response to stress and it has been previously described for ﬁsh under
stressful contexts [e.g. 44,45]. Together, the behaviour under
conﬁnement and the cortisol response, strongly suggest that the
males subjected to the predictable treatment were less stressed than
males in the unpredictable treatment. This is in line with the cognitive
activation theory of stress, whereby predictability decreases the
degree of discrepancy between internal expectancies (set values) and
the reality (actual value), with the concomitant decrease in levels of
arousal and stress response [3]. These results are also consistent with
many published studies on the effect of predictability of aversive
events in other species [22,23]. The animals seemed to pay more
attention to the visual cue in the predictable treatment, as judged by
the time they spent close to it, suggesting that the cue was being
investigated and, thus, its meaning processed accordingly. The ‘safety
signal hypothesis’, discussed by Basset and Buchanan-Smith [21],
suggests that predictability is less stressful because it signals the
safety periods in the absence of cue. Additionally, predictability may
provide a perception of control, as it allows self-preparation of the
incoming event, even if only internally and not through behaviour
[22].
4.2. Predictability of a positive valence event (feeding experiment)
When the stimulus was food, there was no difference in atten-
tiveness to the visual cue (as measured by time close by or
exploration) between the predictable and unpredictable treatments.
However, a very conspicuous difference was noted in increased
activity and anticipatory behaviour by the predictable group. The
occurrence of increased activity and anticipatory behaviour in
predictable feeding schedules is in accordance with many other
studies where ‘Food Anticipatory Activity’ has been reported [21,29].
These studies rarely show physiological data related to the expression
of anticipatory behaviour. However, in a study of feeding predictabil-
ity in sea bream, Sánchez et al. [32] also observed an increased cortisol
response associated to anticipatory behaviour. While some authors
highlight the role of anticipatory behaviour as an expression of
positive emotions in animals [e.g. 46], its subjective meaning has been
less discussed [but see also 47]. In our view, the meaning of
anticipatory behaviour in relation to well being is inextricably linked
to the delay between the triggering signal and the onset of theexpected event. If it is short enough, the expression of anticipatory
behaviour may mean arousal related to positive emotions, also
expressed by means of less aggression and more exploratory
behaviour [e.g. 48]. This is the case in a number of studies where
predictable schedules for positive events is reported as positive and
where time period between the signal and the event was only of some
seconds [49,50]. However, in studies of temporal predictability (ﬁxed
times) or when the time span between the signal and the expected
event is longer (fromminutes to hours), this may induce expectation,
frustration and indeed some loss of control (and, thus, unpredictabil-
ity). In this case, animals may engage in high levels of anticipatory
behaviour, even stereotypies, with related aggression and other
stress-related behaviours [27,29]. To be also noted that some reported
beneﬁcial predictable feeding schedules may be due to experimental
designs where the unpredictable treatment represented in fact a loss
of predictability [e.g. 51]. In the present study, the increased
anticipatory behaviour and cortisol suggest that 5 min of food
signalling may be an enough delay to potentially develop negative
subjective effects inMozambique tilapia. But additional data would be
needed to deﬁnitely associate the observed anticipatory behaviour
with frustration. Therefore, levels of arousal observed in the
predictable feeding may be subjectively linked to negative emotions
and thus have a negative impact on welfare, or not. Cortisol tended to
be higher (P=0.09), whether due to the expectation/loss of control or
to the increased activity, or to both. In ﬁsh, the relationship between
cortisol and affective states has not been established, but in humans it
is well known that the hypothalamus–pituitary–adrenal axis is more
sensitive to negative emotions than to positive ones [18].
4.3. Effects of social isolation
Social isolation, whether for 4 or 10 days, increases the cortisol
levels of male tilapia in relation to the social group conditions. This
fact suggests that isolation is a stressful procedure, which is in
accordance with the fact that O. mossambicus is a group living species
[52]. In this experiment males were placed in social isolation prior to
the experimental treatment, which has been a routine procedure to
minimise behavioural and androgen variation due to different social
ranks [33,53]. However, data presented here show that this is not the
most appropriate procedure to obtain baseline cortisol levels, since
social isolation activated the hypothalamus–pituitary–interrenal axis.
We suggest that the use of the cortisol levels frommales kept in stable
social groups (stock) as a proxy for a measure of cortisol baseline
levels in this species. Even acknowledging that cortisol levels in
control groups exposed to social isolation do not represent baseline
values these were used as reference values in the analyses of cortisol
levels of experimental treatments, since they are the matched groups
in terms of experimental design. These analyses, suggest that
predictable conﬁnement and (predictable or unpredictable) presen-
tation of food were both less stressful procedures than social isolation
per se.
In conclusion, Mozambique tilapia males are able to appraise
predictability of events. They show an increased cortisol response to
unpredictable negative events. When there is a signiﬁcant delay
between signalling and actual occurrence of a predictable positive
event, elements associated to the stress response can also occur. These
ﬁndings demonstrate the occurrence of appraisal in ﬁsh with
important welfare implications for the management of teleosts in
captivity. Husbandry and experimental procedures should include the
reliable signalling of aversive events and avoid delays of predictable
attractive events, such as feeding times.
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